The modern environmental and biological approaches to the selection of field agricultural crops for cultivation at contaminated areas are considered. It is established that the satiation of rotations with agricultural crops differed by potentially low capacity to accumulate 13 Cs can significantly extend the areal of radioactively contaminated lands use for the production of safe products. The influence of arbuscular mycorrhizal fungi on radiocaesium uptake by plants is analyzed. The ability of arbuscular mycorrhiza to modify significantly radiocaesium accumulation by agricultural crops is found.
Introduction
Nowadays the radiocaesium remains one from the most biologically significant pollutant that determines the degree of radiation risk for the population. The principal pathway of its intake to humans is the consumption of agricultural products produced in contaminated areas. This paradigm is confirmed by experience to overcome the consequences of the Chernobyl catastrophe in1986 and the accident at Fukushima NPP Fukushima in 2011 [1--3] . The agricultural activity under these conditions implies the implementation of complex anti-radiation agrochemical measures aimed at reducing population exposure by ensuring the production of radioecologically safe agricultural products [4--6] .
Last years the significant attention is paid to the greening of agriculture, in particular environmental biotechnologies aimed at the combined use of certain plants species and soil microorganisms [7] . Among these microorganisms arbuscular mycorrhizal (AM) fungi are of particular importance, since about 90 % of plants form symbiotic relationships with these fungi and create mycorrhizal associations [8] . Along with the preservation How to cite this article: Alexandr Dutov, Vladimir Rodionov, and Nina Belogurova, (2019),``Some Elements of Biologization in Crops Production on Radioactively Contaminated Areas'' in International scientific and practical conference``AgroSMART -Smart solutions for agriculture'', KnE Life Sciences, pages 570--577. DOI 10.18502/kls.v4i14.5644 and improvement of soil fertility, the use of AM fungi significantly reduces the chemical load on the environment and the population, which is especially important in areas contaminated after nuclear and radiological incidents.
Methods and Equipment
The activity concentration of 137Cs and 134Cs in roots and shoots of studied plants was determined using gamma-spectrometer with semiconductor p-type coaxial high purity HP-Ge detector with a relative efficiency of 15 % and resolution of 2.5 at 1.33 MeV.
The plants were cultivated on the artificially prepared substrata spiked with 134Cs. 
Results and Discussion
The environmental and biological approaches to the selection of crops in agriculture in contaminated areas are based on their potential ability to accumulate radionuclides.
According to the data presented on Figure 1 , the plant field crops can be divided into three groups according to their potential capacity to accumulate 137 Cs.
The minimal 137 Cs accumulation in the harvest was found in case of corn. The radionuclide accumulation factor in grains of this plant species was 0.07 (Bq·kg −1 ) / (kBq·m −2 ). The maximum radiocaesium concentration within the group of grain cereals was in oat grains. The concentration of 137 Cs in oat grains was 5 times higher than that of corn
The group of plants with potentially low ability to accumulate 137 Cs also includes potatoes. The radiocaesium accumulation factor in its tubers is intermediate between spring wheat and barley, but is 71% higher than for corn. The group of groat cultures was characterized with higher potential accumulation of radiocaesium. Thus, the 137 Cs concentration in millet was nearly the same as in winter rye, but three times lower than in buckwheat ( Fig. 1 ). However, the maximum accumulation of 137 Cs is typical for group of grain legumes. In particular, in pea plants the radiocaesium concentration was 13 times higher as compared to corn. According to the above mentioned aspects, the use of selection and saturation of crop rotations differed with potentially low capacity to accumulate radiocaesium could extend significantly the areal of contaminated lands exploitation for the cultivation of agricultural production that meets the current hygienic standards.
To study the influence of arbuscular mycorrhizal (AM) fungi on the radiocaesium accumulation by agricultural crops in laboratory conditions alfalfa (Medicago truncatula) and sunflower (Helianthus annuus) plant species were selected. The AM fungus Glomus intraradices (strain BIO; company BIORIZE, Didjon, France) was used for plant inoculation. This species is widespread in a variety of soil types and shows high colonization ability in symbiosis with many plant species [10] . (Table 1) . Thus, the presence of arbuscular mycorrhizal symbiosis led to 80% increase of the ratio between 134 Cs activity concentration in underground and aboveground parts of alfalfa, and consequently to reduction of the radionuclide transfer from According to the data presented on Figure 2 , the parameters of AM colonization of alfalfa roots were significantly higher than those of sunflower.
It should be noted that the presence of radiocaesium in soil did not affect the 
Conclusion
The environmental and biological approaches in agriculture in contaminated areas include the more efficient use of the potential ability of crops to accumulate radionuclides and the application of certain species of soil microorganisms. It results in reduction of chemical load on agro-ecosystems and contributes to the preservation and fertility of radioactively contaminated soils.
AM fungi demonstrate the capacity to transform and immobilize radiocaesium in their structures and limit its uptake by certain plant species. The efficiency of mycorrhizae in the process of radiocaesium transfer is not determined by AM colonization degree and demonstrates the dependence of radionuclide transfer factors on the biological features of plants.
The potential use of AM fungi for cultivation of certain crops in radioactively contaminated soils require more comprehensive study in order to reduce the chemical load on the environment by minimizing the introduction of fertilizers and greening of agriculture.
